Investigations of fear conditioning in rodents and humans have illuminated the neural mechanisms of fear acquisition and extinction. However, the neural mechanism of memory consolidation of fear conditioning is not well understood. To address this question, we measured brain activity and the changes in functional connectivity following fear acquisition using resting-state functional magnetic resonance imaging. The amygdala-dorsal anterior cingulate cortex (dACC) and hippocampus-insula functional connectivity were enhanced, whereas the amygdala-medial prefrontal cortex (mPFC) functional coupling was decreased during fear memory consolidation. Furthermore, the amygdala-mPFC functional connectivity was negatively correlated with the subjective fear ratings. These findings suggest the amygdala functional connectivity with dACC and mPFC may play an important role in memory consolidation of fear conditioning. The change of amygdala-mPFC functional connectivity could predict the subjective fear. Accordingly, this study provides a new perspective for understanding fear memory consolidation.
INTRODUCTION
Learning about potential dangers in the environment is critical for adaptive function, however, when experienced over a long period of time it can have a devastating effect. Some people, for instance, continue to suffer chronically from stress symptoms, may develop a wide range of psychopathologies including anxiety, phobia and post-traumatic stress disorder (PTSD). Researchers have argued that dysregulation mechanisms underlying the development and maintenance of 'conditioned' fear responses may provide an explanation (Schiller et al., 2009; Indovina et al., 2011) . Understanding the neural mechanism of fear process is an important step in translating basic research to the treatment of fear-related disorders. Using the paradigm of classical fear conditioning, researchers have been able to map the pathways of the neural mechanisms of fear learning and extinction (LeDoux, 2003) . Extensive imaging research has established several key regions involved in fear learning and expression, including the amygdala, insula, dorsal anterior cingulate, prefrontal cortex and temporal cortex. Specially, the amygdala is a brain structure that directly mediates aspects of fear learning and facilitates fear memory operations in other regions, including the hippocampus and prefrontal cortex (LaBar and Cabeza, 2006) . The thickness of dorsal anterior cingulate, insula and temporal lobe were also positively correlated with conditioned fear responses (LaBar and Cabeza, 2006; Hartley et al., 2011; Linnman et al., 2011; Milad et al., 2007a Milad et al., , 2007b . The neural circuit involved in fear extinction included the amygdala, hippocampus (Hip), ventromedial prefrontal cortex (vmPFC) and dorsal anterior cingulated cortex (dACC) (Morgan and LeDoux, 1995; Milad and Quirk, 2002; Quirk, 2002) . Moreover, the thickness of vmPFC and the dorsal anterior cingulate cortex (dACC) were closely associated with psychophysiological response during fear extinction (Milad et al., 2005; Hartley et al., 2011) . Amygdala-hippocampal, amygdala-vmPFC, dACC-vmPFC and hippocampal-vmPFC functional coupling were also closely correlated with the fear acquisition and extinction process (Kalisch et al., 2006; Milad et al., 2007b; Lang et al., 2009) . From fear acquisition to extinction, there are another two steps of fear process: consolidation and reconsolidation.
Resting-state functional magnetic resonance imaging (rs-fMRI) was regarded as important tools to examine spontaneous brain activity and the integrity of inter-regional functional coupling (Friston et al., 1997; Raichle et al., 2001; Greicius et al., 2003; Buckner and Vincent, 2007) . Using rs-fMRI, previous researchers have indicated that spontaneous brain activity served key role in memory consolidation (Daselaar et al., 2010; Stevens et al., 2010) . These results supported the system consolidation theory, which hypothesized that the medial temporal lobe (MTL) (mainly hippocampus and parahippocampus) is required for initial storage and recall and that the neo-cortex is considered as the area where remote memory is stored . Specifically, one useful strategy was to use the resting activity of one brain region of interest (ROI) to identify other brain regions that are functionally connected (i.e. seed-based approach). For example, in a recent investigation, Roy et al. (2009) used a seed-based approach to show that fluctuations in amygdala activity are positively coupled with the vmPFC but negatively coupled with the dorsal mPFC (dmPFC) at rest. Moreover, Sripada et al. (2012) found that veterans with PTSD showed greater positive connectivity between the amygdala and insula, reduced positive connectivity between the amygdala and hippocampus and reduced anticorrelation between the amygdala and dACC and rostral ACC during resting state. Using resting-state functional connectivity (RSFC), recent memory consolidation studies also suggested that the functional connectivity between brain areas played an important role in memory consolidation (fronto-parietal network, hippocampal-lateral occipital network) (Albert et al., 2009; Tambini et al., 2010) . With respect to fear memory consolidation, Van Marle et al. (2010) found that enhanced functional connectivity between amygdala and dACC, insula and brainstem in a resting-state period directly following experimentally induced, moderate psychological stress. Moreover, Schultz et al. (2012) found that the amygdala-dmPFC functional coupling was increased following fear acquisition.
Interestingly, recent studies have demonstrated the utility for using RS-fMRI data to predict behavioral outcomes. Specially, individuals with high anxiety were characterized by negatively correlated amygdala-vmPFC functional connectivity, whereas low anxious subjects showed positively correlated activity. Further, high anxious subjects showed amygdala-dmPFC activity that was uncorrelated, whereas low anxious subjects showed negatively correlated activity at rest (Kim et al., 2011) . Using DTI, Kim and Whalen (2009) observed that a stronger structural integrity in a pathway linking the amygdala and vmPFC also predicted lower anxiety levels. Moreover, Schultz et al. (2012) found that behavioral measure of explicit memory performance and implicit autonomic measure of conditioning were significantly correlated with the change in amygdala connectivity with superior frontal gyrus and ACC, respectively by using the RSFC. However, little is known about brain regions and functional networks of memory consolidation of fear conditioning when the brain is 'at rest' following fear acquisition. To address this question, we measured brain activity and the changes in functional connectivity following fear acquisition using rs-fMRI. Moreover, we also performed the correlation between individual's change in functional coupling and subjective fear and trait anxiety score.
Based on these researches, we expected the inter-regional functional coupling would change over time between after acquisition and before acquisition. More specifically, the amygdala enhanced its positive coupling with the dACC, whereas the amygdala decreased its positive coupling with the mPFC. Furthermore, the change of the inter-regional functional coupling could be predicted by individual differences of subjective fear and trait anxiety scores.
MATERIALS AND METHODS Participants
In total, 56 right-handed college students were recruited for the study (28 females; mean age ¼ 21.68, s.d. ¼ 1.70) and they were paid for their participation. All subjects completed the State-Trait Anxiety Inventory (Spielberger et al., 1983) prior to the start of the experiment. There was no significant difference in trait anxiety between the experimental group (mean ¼ 41.2, s.d. ¼ 1.46) and the control group (mean ¼ 40.6, s.d. ¼ 1.85), t(54) ¼ 0.26, P ¼ 0.83. Subjects were preassessed to exclude those with a previous history of neurological or psychiatric illness. All subjects were recruited from a Chinese university, gave informed consent and the study was approved by the Institutional Review Board of the Southwest University. They were divided into two groups. The experimental group consisted of 36 college students from a Chinese university (18 females) for task analysis and seven participants were removed in the resting analysis due to excessive head movement. Another group of 20 college students (10 females) in control group was recruited from the same university and four participants were removed from the resting analysis due to excessive head movement.
Stimuli
Another 50 participants rated 533 pictures chosen from the Internet and International Affective Picture System which can be used in the fear conditioning task (Lang et al., 1999) . In accordance with the previous literature, we used a dimensional model for measuring pictures along three dimensions, 'valence', 'arousal' and 'the degree of fear'. They rated the respective dimensions on a 7-point Likert scale. Finally, we chose 60 fear pictures and 160 neutral pictures, in which the disparity of the degree of fear and the valence was as large as possible [ 
Design and procedure
The experiment began with a baseline rest condition (REST1, 10 min), then participants completed fear acquisition task (40 min) before the experimental rest condition (REST2, 10 min) (Figure 1 ). During acquisition, all experimental subjects underwent a Pavlovian discrimination fear-conditioning paradigm with partial reinforcement, whereas the control group underwent the same task without reinforcement. The conditioned stimulus (CSþ, CSÀ) were yellow and blue squares (2 s) and the US was the fear picture (2 s) terminating with the CSþ. The inter-trial-interval was 2-6 s. The CSþ was paired with the fear picture on a 62.5% partial reinforcement schedule and the CSÀ was always paired with neutral picture. Subjects were instructed to pay attention to the screen and try to figure out the relationship between the squares appearing on the screen and the fear picture. Moreover, when the CSþ appeared on screen, the subjects need to press key '1', otherwise they should press '3'. Two orders were used to counterbalance for key and designations of colored squares (blue or yellow) as CSþ or CSÀ. In control group, all procedures were the same as the experimental group except for no reinforcement. In the control group, subjects performed a square-object processing task ('square-object encoding') or a square-scene processing task ('square-scene encoding'). Both tasks required subjects to form an association between the color of square (blue or yellow) and the type of picture (object or scene). In other words, the subjects were instructed to predict the type of picture following the certain color of square. During the resting state, subjects were instructed to keep their eyes closed, relax their mind and remain motionless as much as possible. The resting scan lasted for 600 s. All participants informed that they had not fallen asleep during the scan. At last, subjective fear ratings (CSþ and CS-) were obtained immediately following REST2 using a 1-7 scale of fearfulness (on a 7-point Likert scale: 1, a little; 4, moderately; 7, extremely). Two-way mixed analysis of variance (ANOVA) on the group (experimental group vs control group) and the type of the conditioned stimulus (CSþ vs CSÀ) revealed that there was a significant interaction between two factors, F(1, 54) ¼ 79.45, P < 0.001. To examine the effect of experiment treatment, we performed simple effect analysis. The following results were obtained: in the experimental group, the subjective fear ratings of CSþ and CSÀ was as follows: the CSþ: mean ¼ 5.42, s.d. ¼ 1.52, the CSÀ: mean ¼ 1.28, s.d. ¼ 0.77, t(35) ¼ 13.07, P < 0.001. In the control group, the subjective fear ratings of CSþ and CSÀ was as follows: the CSþ: mean ¼ 1.75, s.d. ¼ 0.55, the CSÀ: mean ¼ 1.6, s.d. ¼ 0.60, t(19) ¼ 1.14, P ¼ 0.27. For another simple effect analysis, the following results were obtained: there was no significant difference between the subjective fear ratings of CSÀ in experimental group (mean ¼ 1. (Friston et al., 1994) . For T2*-weighted images, slice order was corrected through slice timing and six parameters of head movement were estimated and removed in realign option; the first five images were discarded to achieve steady magnet state. The T1-weighted images were co-registered to the EPI mean images and segmented into white matter, gray matter and cerebrospinal fluid (CSF). The EPI images were then normalized to the MNI space with the structure information from coregistration and segmentation, the voxel size was 3 Â 3 Â 3 mm 3 and spatially smoothing were taken with a Gaussian kernel at 8 Â 8 Â 8 mm 3 in the full width at half maximum. In the first-level specify, the four functional scanning runs were modeled in one GLM (general linear model). Five regressors ('þ', CSþ, CSÀ, fear picture and neutral picture) were created for each run after convolution with the canonical hemodynamic response function. These regressors further included six realignment parameters and the resulted design matrix was filtered with a high-band pass of 128 s. After these, we used the contrast of CSþ and CSÀ to explore the fearrelated brain regions in the second-level specify and the threshold of P-value was 0.05 (FDR corrected, voxels !10). To investigate functional networks of automatic memory consolidation of fear conditioning when the brain is 'at rest' following fear acquisition, spherical ROIs were defined centered on the peak coordinates of the fear-related areas with the radius of 6 mm for our rs-fMRI data analysis. More specifically, ROIs identified were based on the group localization analyses (CSþ vs CSÀ) and FDR corrected was performed for multiple comparison in the voxel-level inference with corrected P < 0.05 and voxels !10 (voxel size threshold !10, corrected P-value < 0.05).
Resting-state functional MRI
The identical data acquisition parameter and preprocessing step were employed here as they were in task state. However, the spatially smoothing kernel was 6 Â 6 Â 6 mm 3 . The REST and DPARSF software were further used in rest-state analysis (Yan and Zang, 2010; Song et al., 2011) . After preprocessing, the time series for each voxel was filtered (bandpass, 0.01-0.08 Hz) to remove the effects of very-lowfrequency drift and high-frequency noise, e.g. respiratory and heart rhythms (Biswal et al., 1995; Lowe et al., 1998; Zang et al., 2007; Zhu et al., 2008) .We calculated the voxel-wise functional connectivity with the ROIs of amygdala, which were defined above to find the regions that participated in the fear acquisition in the whole-brain level. Additionally, we also chose insula as seed for the key role in negative emotion processing (Van Marle et al., 2010) . The functional connectivity was estimated based on the detrended, filtered and covariables removed images. The covariables included the six head motion parameters, global mean signal, white matter signal and CSF signal (Fox et al., 2005) . Each participant's time courses were obtained separately from activation maps of either before acquisition or after acquisition and were then used as regressors in a voxel-based wholebrain correlation analysis. Importantly, the time course from the same voxel was used as a regressor for both time points (before and after acquisition) for each participant. Change in the functional amygdala-dACC coupling was obtained by subtracting the individual time course correlation coefficient between amygdala and dACC after acquisition from the correlation coefficient before acquisition and converting it to normal distribution with Fisher's z transformation. The same procedure was done for the change in the functional amygdala-mPFC, hippocampus-insula and vmPFC-insula coupling. The threshold was P < 0.01, corrected for multiple comparisons using the Bonferroni correction (Steiger, 2005; Lei et al., 2011) . Finally, we computed the correlation between the change (Ácorrelation coefficient) in amygdala-mPFC functional connectivity for REST2-REST1 and subjective fear ratings to investigate whether the change of the amygdala-mPFC functional connectivity could predict subjective fear ratings. In addition, brain-behavior correlation analysis was also conducted between the change (Ácorrelation coefficient) in vmPFC-insula functional connectivity for REST2-REST1 and trait anxiety in order to examine whether the functional modification could be predicted by trait anxiety.
RESULTS

The neural circuits of fear acquisition
In order to investigate the brain activity related to fear acquisition, the neural correlates of differential fear learning were identified by comparing activity of the CSþ relative to the CSÀ [t(35) ¼ 2.90, P < 0.05, FDR corrected], which revealed enhanced neural activity in the amygdala, dACC, mPFC, insula, thalamus and temporal lobe (Figure 2 ). To verify whether the fear matrix is only active in the experiment group, we performed the paired t-test between the CSþ and the CSÀ in the control group. The result revealed there was no significant difference of brain activity between CSþ and the CSÀ in the control group (P ¼ 0.05, FDR corrected). The results suggested that the fear matrix is only active in the experiment group. These areas are commonly identified in human fMRI investigations of fear conditioning (Phelps and LeDoux, 2005; LaBar and Cabeza, 2006; Delgado et al., 2008a) , indicating that these regions would be the network commonly labeled as the 'fear acquisition matrix'. The whole-brain regions activated for CSþ vs CSÀ are displayed in Table 1 .
Inter-regional functional coupling change over time (Voxel wise and ROI wise) To further elucidate the network by which the amygdala exerts its differential effects, especially in regard to the medial aspect of the PFC (mPFC) and dACC, we performed a whole-brain voxel-based correlation using time courses obtained separately from the amygdala as seed (Voxel wise). ROIs were selected on the basis of activation of CSþ À CSÀ conditions in task functional MRI, that is, centering the ROI on the peak of activation (Talairach coordinate) (right amygdala, 24, À5, À12; left amygdala, À22, À8, À10; R Hip, 30, À25, À8; L Hip, À30, À28, À7; dACC, 6, 20, 19; mPFC, 9, 55, 20; vmPFC, 0, 45, À14; L insula, À36, 19, À8; R insula, 28, 15, À12) (Figure 2 ). Before acquisition, the amygdala was positively functionally coupled to the dACC and mPFC [t(28) ¼ 3.07, P ¼ 0.01, FDR corrected]. After acquisition, the amygdala exerted a similar pattern and strengthened positive functional coupling with dACC, whereas the amygdala decreased its positive coupling with the mPFC [t(28) ¼ 3.09, P ¼ 0.01, FDR corrected] (Figure 3) .
Next, we calculated the individual's change in regional functional coupling using time courses obtained separately from the amygdala and insula as seed (ROI wise). In line with the voxel-wise analyses, functional connectivity analysis between REST1 and REST2, in which amygdala activation during fear acquisition was taken as the seed, revealed increased coupling between the amygdala and dACC [t(28) ¼ 2.23, P ¼ 0.03] and decreased coupling between the amygdala and the mPFC [t(28) ¼ 2.18, P ¼ 0.04]. In addition, we observed increased coupling between the hippocampus and insula [t(28) ¼ 2.03, P ¼ 0.05] (Figure 4) Together, the voxel-wise and ROI-wise findings showed that demonstration of modifications over time in the strength of inter-regional functional coupling further characterizes the plasticity of fear-related neural networks. It also may determine the effect of the fear memory consolidation.
Brain-behavior correlation results
To investigate whether the change of the functional coupling could predict subjective fear ratings, we computed the correlation between the change (Á) in amygdala-mPFC functional connectivity for REST2-REST1 and subjective fear ratings. The correlation analysis showed that the change (Á) in amygdala-mPFC functional connectivity (REST2 vs REST1) was negatively correlated with the subjective fear ratings (r ¼ À0.43, P ¼ 0.03) ( Figure 5 ).The findings suggested the changeof amygdala-mPFC functional connectivity could predict the subjective fear.
Furthermore, to determine whether individual differences in trait anxiety would correlate with the change in vmPFC-insula connectivity following fear learning, we performed a correlation analysis between the individual's change in functional coupling and trait anxiety score. We found that individuals with higher trait anxiety scores showed significantly greater increase in vmPFC-insula functional coupling following fear conditioning (r ¼ 0.46, P ¼ 0.02) (Figure 6 ). No other fMRI results were moderated by trait anxiety. These findings indicated that vmPFC-insula functional modification could be predicted by individual differences in trait anxiety.
DISCUSSION
Using rs-fMRI, we investigated the neural circuits and changes of functional connectivity of automatic memory consolidation of fear conditioning. Our study yielded three main findings. First, in line with previous researches, several key regions (amygdala, dACC, mPFC, insula, thalamus and temporal lobe) which were labeled as the neural biomarkers of fear acquisition emerged in our task design. Second, the amygdala-dACC and hippocampus-insula functional connectivity was enhanced, whereas the amygdala-mPFC coupling was decreased during fear memory consolidation. Finally, the change in amygdala-mPFC functional connectivity (REST2 vs REST1) could Amygdala and fear memory consolidation SCAN (2014) predict the subjective fear. Besides, increased vmPFC-insula coupling was positively correlated with the level of trait anxiety. Combined, these results may provide a new perspective for exploration of the neural systems involved in fear memory consolidation. Functional connectivity analysis revealed that amygdala-dACC and hippocampus-insula functional connectivity were increased during fear memory consolidation. With regard to rodent connectivity, physiological studies supported excitatory and inhibitory effects for prelimbic (PL) prefrontal cortex and infralimbic (IL) prefrontal cortex, respectively. Specifically, PL and IL can modulate fear expression through descending projections to the amygdala. PL targeted the basal nucleus of the amygdala, whereas IL targeted inhibitory areas such as the lateral division of the central nucleus and intercalated neurons (Royer and Pare, 2002; Vertes, 2004; Likhtik et al., 2005; Liang et al., 2011) . Thus, via divergent projections, PL and IL can bi-directionally gate the expression of amygdala-dependent fear memories. Human imaging research has shown that the amygdala appeared to be vital for the rapid, automatic and non-conscious processing of emotional and social stimuli (Pessoa and Adolphs, 2010) , emotional memory, specifically the modulation of encoding and consolidation of hippocampal-dependent memories (Phelps, 2004) . Furthermore, the Fig. 3 Inter-regional functional coupling change over time. Sagittal views of inter-regional functional coupling maps, focused on the amygdala coupling with dACC and the mPFC separately obtained from before fear acquisition (left) and after fear acquisition (right) (P ¼ 0.01, Bonferroni corrected).
Fig. 6
High-trait anxiety was associated with enhanced functional connectivity between vmPFC and insula during fear memory consolidation, r ¼ 0.46, P ¼ 0.02. Fig. 4 The change in amygdala-dACC, amygdala-mPFC and Hippocampus-insula, functional coupling change over time between REST1 and REST2; asterisk indicates P < 0.05. dACC has been proposed to modulate fear expression through excitation of the amygdala (Milad et al., 2007a) , mediate the autonomic bodily arousal that normally accompanies vigilant states and promote the amygdala's expression of the fear response and consolidation of fear memory. Both dACC and insula are densely and reciprocally connected with amygdala (Augustine 1996; Ö ngür and Price, 2000) . Further, the dACC and the amygdala have synergistic roles in regulating purposive behavior, effected through bi-directional pathways (Schoenbaum et al., 2000) accounting for about half of all prefrontal projection neurons directed to the amygdala and receiving projections from the amygdala. (Ghashghaei et al., 2007) . In mediating the autonomic arousal that accompanies vigilant states, the amygdala is additionally coupled to the dACC and anterior insula, key regions in autonomic interoceptive (Critchley, 2005; Seeley et al., 2007; Craig, 2009; Van Marle et al., 2010) . This increase in connectivity could reflect the process of consolidating the memory of the CS-UCS contingency and the underlying strengthening of neural connections that support the permanent storage of fear memory. Several studies suggested that network level changes occur in order to support a memory after the initial learning event (Frankland and Bontempi, 2005) . Specifically, using rs-fMRI, Van Marle et al. (2010) demonstrated that enhanced functional coupling of the amygdala with dACC in the immediate aftermath of acute psychological stress.The changes in amygdala connectivity with the dACC in this study may reflect the ongoing process of strengthening synapses between the amygdala which is critical for the long term storage of fear memory and the dACC which is important for the acquisition of fear conditioning. This pattern of co-activation may also indicate an extended state of hypervigilance that promotes sustained salience and mnemonic processing after stress. Additionally, the hippocampus serves a key role in the consolidation of long-term implicit memory and spatial navigation, e.g. episodic and semantic recollections of familiar objects and locations (Cowell et al., 2010; Squire and Wixted, 2011) . Our findings of enhanced hippocampus-insula coupling following fear acquisition may be indicative of the immediate, prioritized memory consolidation of the fear/threaten stimuli. Alternatively, strengthened hippocampus-insula coupling after fear acquisition could be related to increased (ruminative) recollection of the fear/threaten material during rest. Collectively, enhanced amygdala-dACC and hippocampus-insula cooperation may boost fear memory consolidation processing. In particular, our data now suggested that homeostatic salience is persistently augmented in the immediate aftermath of acute stress. However, the amygdala-mPFC coupling was decreased during fear memory consolidation. Humans with PTSD show that there is an increased activation of the amygdala in response to fear-related triggers that are accompanied by an abnormally low response in the mPFC that generally inhibits the amygdala (Lanius et al., 2003; Shin et al., 2005; Yehuda and LeDoux, 2007) . Greater connectivity of the default network such as mPFC with the amygdala before acquisition may be particularly interesting in light of the suggestion that a function of the default network is to maintain the organism in a state of readiness for expected future events (Raichle and Gusnard, 2005) . Interestingly, rapid activation of the amygdala in response to fear emotion escapes prefrontal cortex modulation (Dunsmoor et al., 2011) . Specifically, studies in rodents have shown that prolonged stress alters mPFC and amygdala circuits, causing dendritic hypertrophy in mPFC (Radley et al., 2004) and hypertrophy in amygdala (Vyas et al., 2002) . Thus, chronic exposures, in particularly, can lead to both a hyperactive amygdala-mediated fear response to threats and a weakened ability of mPFC to regulate these responses. Alternatively, however, persons with a hyperactive amygdala may be more likely to process neutral, unconscious or implicit threats, which would serve to even further weaken the ability of mPFC to regulate these responses. Indeed, even healthy persons elicit physiological responses to threatening stimuli that are processed unconsciously (Yehuda and LeDoux, 2007) . Moreover, emotion activation studies in these individuals have shown hyperactivation in emotion-related regions, including the amygdala and insula and hypoactivation in emotion regulation regions, including the mPFC and ACC. This is consistent with our findings, in which the known role of the amygdala as a key region in threat detection (Adolphs et al., 1999) , fear conditioning (Armony and LeDoux, 1997) and emotional salience (Whalen et al., 2001 ) and of the mPFC as a modulatory region interconnected with limbic structures (Price and Drevets, 2009 ) and involved in emotion regulation (Phan et al., 2002) . But when humans confront threatening stimuli, the amygdala may escape the prefrontal cortex modulation. Ultimately, our findings make it reasonable to assume that the modifications in the strength of inter-regional functional coupling were strongly correlated with fear memory consolidation. Specifically, the amygdala and hippocampus were the two key regions which automatically encode and consolidate emotional information. The dACC and insula promote the amygdala's and the hippocampus's consolidation of fear memory, respectively. Conversely, the ability of mPFC to regulate the activation of the amygdala was weakened following fear acquisition. On the whole, these data suggest that while we spend critical moments engaging the environment to solve immediate tasks, we spend most of our time directed away from the environment in processing modes that consolidate the past, stabilize brain ensembles and prepare us for the future (Raichle, 2006; Buckner and Vincent, 2007) .
Interestingly, our findings showed that the weaker amygdala-mPFC connectivity in functional coupling, the more subjective fear ratings following fear acquisition. The animal and human studies suggested that fear disorders may be related to a malfunction of the mPFC that makes it difficult to regulate fears that have been acquired. Thus, exaggerated fear and panic disorder may both involve heightened amygdala activity and weakened mPFC regulation (Morgan and LeDoux, 1995; LeDoux and Bemporad, 1997; Quirk and Beer, 2006) . This was in line with our results, in which the ability of mPFC to regulate the activation of the amygdala was weakened following fear acquisition, when participants were susceptive to fear. The findings suggested that subjective fear ratings could be predicted by the change of amygdala-mPFC functional connectivity. Interestingly, Linnman et al. found that resting amygdala and medial prefrontal metabolism predicted functional activation of the fear extinction circuit. Specifically, higher resting amygdala metabolism predicted deactivation in the dACC and activation in the vmPFC during extinction training. These associations are consistent with the critical involvement of the amygdala in the extinction learning process as opposed to its separate roles in fear learning and fear expression. However, the predictive relationships were reversed during extinction recall (Linnman et al., 2012) . This result is consistent with a role for the vmPFC in inhibiting the amygdala's expression of the fear response during extinction recall and a role for the dACC in promoting it LaBar and Cabeza, 2006; Admon et al., 2009; Albert et al., 2011) . Our study indicated that the functional connectivity between mPFC and amygdala predicted the performance of fear extinction and functional activation of the fear extinction circuit in the future study. Moreover, the correlation analysis further indicated that high trait anxious individuals showed enhanced vmPFC-insula connectivity. The instructed use of emotion regulation techniques to reduce phasic fear responses has been demonstrated in non-anxious volunteers (Delgado et al., 2008b) . Our data suggest that the vmPFC may be spontaneously regulating the activation of insula to downregulate fear, especially in high-trait anxious individuals. Moreover, as previous research suggested, anxiety levels could predict amygdala-mPFC connectivity and response magnitude during rest.
Specifically, individuals with high anxiety were characterized by negatively correlated amygdala-vmPFC functional connectivity, whereas low anxious subjects showed positively correlated activity (Kim et al., 2011) . Futhermore, using DTI, Kim and Whalen (2009) found that that a stronger structural integrity in a pathway linking the amygdala and vmPFC also predicted lower anxiety levels." Additionally, our results may be that when the human confronted fear or threat stimuli, individuals of high-trait anxiety were more sensitive to solve the immediate threat and accordingly enhanced the strength of the functional connectivity between vmPFC and insula.
Using rs-fMRI, this study explored the neural mechanisms of the memory consolidation of fear conditioning, especially investigating the changes of functional connectivity which may be strongly associated with fear memory consolidation. The present study can help elucidate how humans consolidate from a fear acquisition episode. From a therapeutic point of view, these findings put forth a possible approach in which long-term treatment aims to downregulate the changes of amygdala-dACC functional connectivity and upregulate adaptive changes in the amygdala functional connectivity with the mPFC.
However, our study has several limitations. First, this study did not include objective behavioral data such as startle amplitude or SCR, so it may not be the stronger evidence that the participants acquired the conditioned fear. Second, we did not include more tests of fear memory after consolidation, so the correlations between behavioral measures of learning and changes of functional connectivity were not well understood. Specially, the correlations between SCR performance and changes of functional connectivity were not included in this study. Third, future studies should target the reconsolidation update mechanisms during the reconsolidation window, especially, brain plasticity in fear learning from the development perspective. Specifically, the retrieval-extinction conducted during the reconsolidation window of an old fear memory was demonstrated the best way to blockade the spontaneous recovery or the reinstatement of fear responses and prevent drug craving and relapse Schiller et al., 2009; Quirk and Milad, 2010; Xue et al., 2012) . But less is known about the autonomic mechanism and functional connectivity in reconsolidation window. Collectively, these could be valuable areas of investigation for future research.
In summary, the amygdala-dACC and hippocampus-insula functional connectivity was enhanced, while the amygdala-mPFC coupling was decreased during fear memory consolidation. Furthermore, the change of amygdala-mPFC functional connectivity could predict the subjective fear. It was important to note here that the amygdala-dACC, amygdala-mPFC functional connectivity may be particularly valuable for automatic memory consolidation of fear conditioning. Characterization of the post-stress network changes in humans may represent a first step toward understanding the early phase of psychological trauma etiology.
